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Background

Objectives & Approach

Objectives

The Tola municipio of Nicaragua is a unique 477 km? area along
Nicaragua’s Pacific coast that has a history of water access and water
The region is experiencing economic development
resulting from a surging tourism industry and the proposed canal
which is planned in the southern portion of the municipio. With this
context, the main objective of this analysis is to summarize the
regional groundwater environments to support humanitarian and

quality issues.

economic development initiatives.

Approach

Research, field reconnaissance, mapping and geospatial analysis
were performed to characterize the hydrogeological environments and
groundwater quality of Tola at a regional scale. This data was
integrated into a uniqgue GIS model that assesses the degree of
shallow groundwater potential throughout Tola. The model provides a
qualitative estimation of favorability on the basis of the hydrogeological
environment, water quality conditions, vulnerability and morphological
aptitude of the landscape. The results provide a transitional planning-
level tool that can be applied to support informed decision making to

improve water security and minimize failed investments.

Study Area of Tola

Tola

The Tola Municipio covers 477 km? and is located in the
department of Rivas, approximately 120 km south of Nicaragua’s
capital Managua. Tola is bordered to the north by the Bethlehem
municipio and by the Rivas and San Juan del Sur municipios to
the east. The Pacific Ocean bounds the southwest of Tola.

Table 1 - Groundwater Environments in Tola

Quaternary

% of
Tola

Groundwater
Potential

Gravels and sand layers support
aquifers bounded by silt and clay

The desk study research assimilated existing

geological, hydrogeological and water quality data
from Tola. Following the desk study and data gap

analysis, two reconnaissance missions were

performed to fill gaps and characterize the regional

hydrogeological environments. The first

reconnaissance was performed by the National

Autonomous University of Nicaragua and

included surveying of select wells and chemical
laboratory water quality analysis. A second, 1-
week reconnaissance was led by the author and
included characterization of rock outcrops, springs
and wells throughout Tola to support the analysis

and to gain knowledge to support future well
drilling efforts of Living Water International.

Based on the desk study and
reconnaissance, a series of geospatial layers
were developed to support the analysis. The
three primary layers developed included
morphological aptitude, water quality/
geochemistry and geology.

Morphological Aptitude/TPI Index
A topographic position index (TPI) analysis

Material & Methods

Input Data & Field Reconnaissance
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The average annual temperature is 27°C and ranges from 19.5°C yields possidle. ata derived rom the m Globa

to 36°C. Annual rainfall ranges between 1200-1400 mm / year. Unconsolidated colluvium, Digital Elevation Model (GDEM). The TPI

The dry season spans February through April where monthly Cuatenary & Plcagene  |SRETIO e e oo that ofion stmport analysis was adapted from methodologies e
rainfall ranges from 2 - 20 mm/month. Between June and ot Good localized aquifer systems. defined by Weiss (2001) and Jenness (2007).

October, rainfall averages from 100 to 200 mm / month (Tola
Meteorological Station 1970 - 2010).

Relief

The relief is an important aspect that influences the hydrogeology
of Tola. The uplift of sedimentary rocks is greatest in the
northeastern portion of Tola where elevations reach up to 140
meters. The broad sloping uplands and hills are dissected by
steep drainages that flow southwest towards the Pacific Coastal
Plain of Nicaragua. The plain is relatively flat and generally less
than 15 meters in elevation and spans the entire length of Tola
along the Pacific Ocean.

Paleogene
Brito Formation

Cretaceous
Rivas Formation

60 Moderate

13 Moderate

Unsuitable to moderate yields
possible.

Consolidated sedimentary &
crystalline formations of
moderate to high permeability:
Good groundwater potential in
sandstone, conglomerate,
carbonate and marl beds. Poor
potential in shales, mudstones
and siltstones. Yields are highly
dependent on formation
permeability & fracture zones.
Difficult drilling conditions in
igneous lavas and greywacke
beds.

Hard crystalline formations and
metamorphic zones with poor

A 500-meter small neighborhood slope
position classification was established based
on TPI values of individual 30x30 meter
raster cells. TPI values ranging from -5 to +6
were classified into 6 categories ranging
from low to high in terms of hydrogeological
favorability.
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Outcrop Characterization & Geological

Water Quality & Geochemistry
Assimilation of existing data, maps and
recently collected data from the field
reconnaissance. Constituents of concern
included total dissolved solids, boron,
nitrogen and coliform bacteria. A higher
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Characterization of Springs and Water
Features

Updated Geological Mapping
Existing department scale
geological maps were compiled and
modified based on the results of the
1-week field reconnaissance. A
higher resolution map and legend is

Geology groundwater potential. \\}lgt} , . . . )

The primary rock formations in Tola are the Rivas and Brito Cretaceous .5 Soor Unsuitable to small yields : resolution map and legend is shown in the shown in the results section.
. , Igneous Intrusion ’ possible in localized fracture : results section
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These formations consist of sandstones, shales, marls,
conglomerates, mudstones and siltstones. Beds of hard
graywacke and igneous lavas are also present in both the Brito
and Rivas formations. The thickness of the Brito formation has
been estimated up to 3,000 meters in some areas, whilst the
older Rivas formation is believed to reach thicknesses up to
3,400 meters. These formations are regionally dipping westerly
at angles ranging form 5 to 30 degrees. In southeast Tola, a

Topographic Relief of Tola
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and geologic structure. Hard
rock drilling should be expected.

llustration of TPl Methodology (Jenness 2007)

Algorithms Applied with Python Code in ArcGIS

Cretaceous-aged igneous intrusion is present consisting of hard High  Morphological Aptitude /TPl Low Hydrogeological Favorability Analysis Hydrogeological
andesite with a band of metamorphic and weathered rock around +6 » -5 A matrix was developed to define R Favorability
it. Quaternary-aged alluvial sands, gravels and silts cover .| Steep | Upper | Lower | Gentle hydrogeological favorability based on two tavorabilitycale(lgeo_suit!, Igridcode!)
approximately 17% of Tola and overlie the Rivas and Brito High RIAgES | lopes | Slopes | Slopes | Slopes factors (i) Morphological Aptitude and (ii) IMATRIX CODE FOR HYDROGEOLOGICAL FAVORABILITY TOLA n Good
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ioh Good faviatrix.append((0, 0, 0. 2, 2, 21) n Good to Moderate

g:gur?glv;?;fg vironments are surmmarized in Table 1. A o) £ = 4 4 9 2 9 Geological suitability was determined through mggg;% 2 230 34

unaw v u 1zEq | . : < 8 tial m lin N nalvsis of | faviatrix. appen 3,03, 4, 4, 4, 4
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aged unconsolidated alluvial deposits or the Paleogene-aged E 5 4 4 3 3 2 J ISy, quality, mapp o N - o ‘
Brito formation. Groundwater of meager to small yields is g prrmeelility el M ped Fok Nelenoss. Jrotorn faverability value oo T Hllint(gridcedar = 1 Low
typically available in the Brito and Rivas formations; larger yields 8 5 5 4 4 4 3 These datasets were deyeloped thrc?ugh the return favDescriptions(favorability value)
are limited to fracture networks and sandstone beds of higher desk study and reconnaissance period. GIS Analvsis H Unsuitable
permeability. Groundwater flow conditions are considered - Th i y din Pvthon | d
favorable due to the relatively uniform westerly dipping geological % Low °© 9 9 4 o5 4 The two resulting layers were intersected in @ MMEMDX s PIRORIrnNEe! I I=5el kinghisgle =i Final Hydrogeological

structure. Saltwater intrusion is a major factor along the coast
due to the relatively low permeability of the Brito formation.

Hydrogeological Favorability Matrix

Results

ArcGIS and prepared for the next step of

analysis.

applied into ArcGIS tools to develop a feature with
hydrogeological favorability attributes.
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Hydrogeological Atlas of Tola

Municipio Tola
Departamento de Rivas
Nicaragua

1:56,000

Prepared By:
NORTHWATER CONSULTING INTERNATIONAL

with data collection support from:
UNIVERSIDAD NACIONAL AUTONOMA DE NICARAGUA
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Explanation - Map A1
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Explanation - Map A3
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Playa Gigante, with “lomas” hills
in the background
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